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Abstract— This work on compressor anti-surge control closes 

some of the gaps related to the significant properties of control 

strategies. Anti-surge control is an important issue in operation of 

e.g. oil and gas processing plants. However, control strategies 

have not previously been studied thoroughly from a control 

theoretic viewpoint. Special attention is given to the input-output 

relationship between recycle valve opening and control variable 

when changing the compressor speed. The properties are then 

validated through simulations. The compression system is found 

to be open-loop stable for operating points along the surge 

control line. However, the behavior of control variable in 

different points is highly dependent on control strategy. A 

normalized control variable structure based on a operating point 

invariant to inlet conditions will perform similarly for a range of 

compressor speeds. The report also provide greater insight in the 

dynamics of the compression system, along with guidelines for 

strategy analysis and synthesis and controller tuning.  

Keywords— Dynamic Simulation, Anti Surge Control , 

Variable speed compressor 

I.  INTRODUCTION 

The compressor is a mechanical device whose aim is to 
increase the pressure of a fluid. The term compressor is mostly 
used for for applications where the fluid is in gas state, 
whereas the term pump is used for increasing pressure in 
liquids. How the pressure increase is achieved, depends on the 
type of compressor. Some increase pressure by reducing the 
volume occupied by the gas, e.g. reciprocating compressors, 
scroll compressors and diaphragm compressors. Others work 
by first increasing fluid velocity, followed by a reduction of 
velocity to in- crease the fluid pressure due theory of energy 
conservation. If the fluid velocity is reduced without 
dissipating energy, kinetic energy will be transformed into 
potential energy. Concerning gases, the increase in potential 
energy manifests as both an increase in pressure and density. 
Turbo compressors, hereunder axial and centrifugal/radial 
compressors, work by the latter principle. Energy is 
transferred to the fluid by a drive unit which is connected to 
rotating blades called the impeller. This causes the fluid to 
accelerate, before it enters a stationary passage, the diffuser, 
where the flow is decelerated. The terms axial and radial are 
related to which direction the fluid flow through the impeller. 
The fluid flow in axial compressor is more or less parallel to 
the rotating axis of the compressor. For centrifugal 

compressors, fluid leaves the impeller radially to the rotating 
axis. Compressors are used in a wide range of applications. 
Axial compressors are preferred where large flow rates or 
small physical dimensions are required. Centrifugal 
compressors on the other hand, are able to operate at higher 
pressures and are more resistant to erosive, dirty and corrosive 
gases. Examples of applications are: 

• Gas transport 

• Refrigerators and air conditioners 

• Turbochargers for combustion engines 

 • Storage of air in containers e.g. for diving gear 

Regardless of applications, turbo compressors may 
experience instability problems related to their operating 
conditions. These instabilities are unwanted because they may 
lead to destruction of nearby equipment or the compressor 
itself, and can be avoided by ensuring that enough fluid flows 
through the compressor. One way of achieving minimum flow 
is to lead fluid from compressor outlet to compressor inlet, or 
in other terms through fluid recycling. Recycle fluid is 
regulated by a recycle valve. The state of the art protection 
schemes also stabilize the compressor operation through active 
control of e.g. compressor rotational speed. However, in 
industrial application the simple, yet energy inefficient, 
recycling scheme is widely used to protect the compressor and 
its surroundings.[1] 

II. CENTRIFUGAL COMPRESSOR SURGE THEORY 

A. Centrifugal compressor theory 

The centrifugal compressor is, as mentioned, characterized by 
a radial flow at the impeller exit. Fluid enters the compressor 
through the inlet nozzle, which essentially is a pipe leading the 
fluid into the compressor. In- let guide vanes or blades may be 
mounted inside the nozzle, such that the fluid rotates before 
entering the impeller. These guide vanes can also be adjustable 
and used for compressor control. The part of the impeller 
which penetrate the inlet nozzle end, is called the inducer. 
Here, the inducer blades are angled toward the direction of 
rotation. In the inducer the fluid’s angular momentum is 
increased without increasing its radius of rotation. In the 
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centrifugal section of the impeller, fluid enter from the inducer 
and exit the impeller radially. The blades at the exit may be 
curved in a backward- or forward swept manner, away from or 
against the angle of rotation. From the impeller, the fluid flow 
into the diffuser, where the velocity is reduced in order to gain 
pressure. The diffuser channels are therefore usually 
diverging. Pressure increase also occur due to redirection of 
flow. Vaned diffusers are categorized by their geometry, e.g. 
air foil vanes and island vanes. Similar to the inlet guide 
vanes, diffuser vanes may also be adjustable. The last major 
part of the compressor is the volute or collector, which gather 
the fluid leaving the diffuser and deliver it to the compressor 
outlet pipe.  

B. Compressor Maps 

Compressor performance capabilities are usually visualized by 

compressor maps or charts, which describe the relationships 

between the compressor’s characteristic variables. The 

relationships are valid in steady state conditions. According to 

[2], four variables are needed to define the fundamental 

compressor characteristics. The choice of these variables is, 

among others, dependent on the scope of the viewer, producer 

preferences and traditions. Regardless, the characteristic 

variables are related to: 

 Compressor speed. 

 Flow through compressor. 

 Pressure rise  

 Energy efficiency 

C. Surge 

Both axial and centrifugal compressor are subjected to 

different phenomena limiting their operational range. The 

stonewall or choke phenomenon is characterized by fluid 

flowing through the compressor without any net increase in 

pressure, caused by a low load or discharge pressure. At this 

point, the flow resistance through the compressor equals the 

energy increase of the gas. The rotating stall phenomenon is in 

many ways the opposite, where fluid flow oscillates around 

zero with an increase in pressure. However, rotating stall is 

usually referred to as local behaviour, only occurring in 

regions of the compressor while the net flow through the 

compressor is positive. But the most severe phenomenon when 

regarding compressor operational constraints is known as 

surge, characterized by oscillations in all of the compressor 

characteristic variables.[3] Rotating stall may develop such 

that flow oscillates in every part of the annular flow through 

the compressor. If no means are employed to counteract the 

By pressure rise is meant a general increase in pressure, not 

the special increase given by a differential pressure ∆p. Surge 

is more easily described on the basis of an extended 

compressor map, see Figure 2 The stable operating region of 

the compressor lies to the right of point B in Figure 1, where 

pressure rise decreases for increasing flow. Also assume that 

the compressor speed is constant, implying that the operating 

point lie on the speed line shown in the Figure 1. [4] 

 

The surge cycle can then be described by the following steps: 

1.Assume that the compressor operates at point A, when the 

downstream pressure starts to increase. This causes 

compressor flow to decrease to the point where no further 

pressure rise through the compressor is possible, marked by B. 

2. If the downstream pressure still exceeds the maximum 

pressure increase, fluid will decrease and even become 

negative at point C. The negative flow causes the upstream 

pressure to increase, and as a result the pressure rise over the 

compressor goes down. 

3. At point D, the upstream pressure of the compressor is 

almost equal to the downstream pressure. The compressor will 

then restore positive flow. 

4. Flow will continue to increase until reaching point A. If no 

means are employed to move out of the surge region, the surge 

cycle will repeat. For a variable speed compressor, the stable 

and unstable regions of operation are separated by the surge 

line (SL). This line is usually determined by considering the 

points on the compressor map where the pressure rise increase 

is zero for increasing flow, which includes point B[5] 

The SL is usually independent of the energy efficiency, which 

is one of the variables defining compressor characteristics. The 

remaining three variables are coupled through the relations 

given by the compressor map. Consequently only two 

variables are needed to describe the SL. But due to the non-

linear com- pressor characteristics, the operating point of the 

compressor is not uniquely determined by every combination 

of these two variables, e.g. speed and pressure rise. The surge 

phenomenon, unlike rotating stall, is a system instability 

which affects all states of the compression system. Speaking in 

terms of control theory, the surge cycle has the characteristics 

of a limit cycle.[5] [6] [7] [8] 

Compressor surge may cause severe damage to the machinery 

and both up- stream and downstream components and is 

therefore highly undesirable.  
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Figure 1. : Illustration of surge, cycle marked by red. 

D. Surge Avoidance with Recycle valve 

Apparently, most of the control schemes for surge avoidance 

with recycle valves encountered in patent literature, 

incorporate a conventional PID controller. The contributions 

made by the patents can be divided into two groups 

B 

A 
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• Improving response by adding more control 

structures 

• Altering the control variables and measurements 

Control under normal operating conditions is usually 

performed by the PID controller, whereas the patents 

belonging to the first group tries to improve response when the 

system is subjected to rapid disturbances or emergency 

shutdown events (ESD). The patents in the second group aim 

to render the control system invariant with respect to certain 

system variables and/or operating conditions. 

III. COMPRESSOR SYSTEM DESCRIPTION 

A typical compressor system is shown in Figure 3. The 

upstream vessel represents an upstream process equivalent, 

and is fed with a mass flow. From the upstream vessel, the 

flow is lead into the cooler. The cooling medium flow is 

controlled with a controller, which seeks to keep the 

processing gas outflow temperature constant. After the 

cooling, liquid is removed from the gas in the scrubber before 

entering the compressor. The pressure is increased through the 

compressor, and a recycle line at the compressor outlet allows 

recycling of the processing gas back to the cooler to maintain a 

high enough flow through the compressor. The fraction of the 

flow that is not recycled leaves the sys- tem through the check 

valve into the downstream vessel that represents the 

downstream process. The check valve prevents reversed flow 

from the down- stream vessel into the compressor. The recycle 

line has a control valve called the anti-surge valve that is 

controlled with the anti-surge controller. This controller 

prevents the compressor from going into surge 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 2. Diagram of the compressor system. 

IV. STARTUP CASE STUDIES 

In this work three startup case studies of a variable speed 

compressor are analysed to see the effect of changing surge 

criteria. 

 

A. Case-1:  

In this case Anti Surge valve is kept 60% open and compressor 

is started to reach the full speed. Simulation is run for 250 

seconds all the variables of compressor like suction pressure, 

discharge pressure, discharge temperature and operating point 

are observed. Once the compressor starts picking up the speed 

Suction and discharge block valves are opened while 

simultaneously closing the anti-surge valve is closed to avoid 

the recycle. The timings of the opening and closing the valves 

is important to avoid surge. From the fig 3 it’s clear that 

compressor didn’t enter the surge. The movement of valves is 

scheduled as shown in fig 4 
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 Figure 3. Compressor Operating point movement 
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 Figure 4. Movement of valves 

B. Case-II: 

In this case the Anti surge valve is kept open manually 60% 

initially but the flow is varied through recycle line such that 

the actuator position of the anti-surge valve is either closed or 

opened to keep the compressor out of surge during start up. 

This scenario is performed with a PID controller with Gain of 

3 and Integral parameter of 0.1. The resultant operating point 
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movement is shown in figure 5 with schedules of valve 

positions as shown in figure 6 
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Figure 5. Compressor Operating point 
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Figure 6. Valve positions 

C. Case-3 

This is the case in which suction throttling controller is 
used to control the surge during start up of the compressor. 
Following trends were observed as shown in figure 7 with 
movement of various valves as shown in figure 8. 

V. CONCLUSIONS 

Dynamic Simulation plays an important role in determining 
the control strategies for compressor surge control. In this 
work three different control strategies were studied to see the 
impact of implanting each of these strategies on compressor 
behavior during startup case. These kind of analyses is critical 
for designing the anti-surge valve characteristics like the 
actual opening time and the PID parameters to achieve proper 
startup of compressor. Dynamic simulation is an unexplored 

area in the academia. This kind of studies are very much 
needed especially for running and understanding; process 
plants in real time scenario 

 

Figure 7. Operating point 

Figure 8. Valves Positions 
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